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SUMMARY

A method is presented for estimating the equilibrium operating line
for a compressor as a component part of a turbojet engine. The per-
formance characteristics of the combustor, turbine, and Jet nozzle are
treated in a simplified manner, so that the suitability of a given com-
pfessor for jet-engine application may be determined. The need for
compressor-discharge bleed, a varidble-area jet nozzle, or both, to ob-
tain satisfactory engine acceleration msy be estimated from the position
of the equilibrium operating line and the compressor surge line.

Charts are presented that may be used to locate the equilibrium
operating line on the performaence map of the compressor component of a
turbojet engine operating at sea-level static conditions.

A comparison of predicted and measured equilibrium operating con-
ditions in terms of compressor pressure ratio and equivalent weight flow
indicates satisfactory agreement.

INTRODUCTION

In general, an accurate prediction of the equilibrium operating
conditions of a turbojet engine requires a knowledge of the performance
characteristics of each of the component parts of the engine. An analy-
sis of the performance of a turbojet engine based on the performance
characteristics of its component parts is presented in reference 1. Be-
cause of the meny variaebles involved and the complexity of the component
characteristics, the computations are lengthy and the results lack
generality.

A method of predicting the equilibrium operating performance of

turbojet engines in which the complicated component processes are treated
in a simplified manner is presented in reference 2. The results are
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gsomewhat more general than those of reference 1 and demonstrate the ade-
quacy of the model processes used. The compressor model used in the
analysis was one in which the ratio of axial inlet-air velocity to com-
pressor tip velocity was a constant. In many cases the coupressor per-
‘Pormance characteristics asre known, so that the simplified model of the
compressor is not required, and the principal question is whether the
known compressor stall or surge line is such as to provide adequate mer-
gin for engine acceleration. Since the compressor stall or surge line
is generally given as a plot of compressor pressure ratlo against correc-
ted inlet weight flow, in order to compare results it seems desireble to
obtain the equilibrium performence in terms of these variables.

The purpose of this report is to obtain generalized cherts to per-
mit rapid computation of equilibrium operating points on the performance
map of the compressor component of a turbojet engine operating et statie
gea-level conditions. The effect of heat addition in an afterburner on
the operating line is not considered, because engines are normally ac-
celerated from low speeds with the afterburner inoperative (if the engine
is so eqpipped). The method incorporates simplified performance charac-
teristics of the turbine, jet nozzle, and burner components. The work
was done at the NACA Lewis lsboratory.

SYMBOLS
The following symbols are used in this report:
A effective cross-sectional area, sq £t

a  speed of sound, ft/sec

B ratio of alr flow bled from compressor discharge to compressor-
inlet air flow

f fuel-air ratio
g acceleration due to gravity, 32.17405 ft/sec2
P total pressure, 1b/sq ft

static pressure, 1b/sq ft

R  ges constant, 53.345 ft-1b/(1b)(°R)
T total temperature, °r

U blade speed, ft/sec

v absolute velocity, ft/sec

W weight flow of air, 1b/sec
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a absolute gas flow angle measured from axial direction, deg

'e ratio of specific heat at constant pressure to speclific heat at
constant volume

3] ratio of compressor-inlet total pressure to NACA staendard sea-level
ebsolute pressure, P/2116

ul adiebatic efficlency

polytropic efficiency

2] ratio of compressor-inlet total temperature to NACA standard sea-
level absolute temperature, T/518.7°

b4 tall-pipe total-pressure-loss coefficient

0 density, 1b/cu ft

¥ pressure coefficient

Subscripts:

C compressor

T turbine

0 ambient conditions

1 compressor inlet

2 compressor outlet and combustor inlet

3 turbine-nozzle discharge

4 turbine outlet and tail-pipe inlet

5 jet-nozzle outlet

Superscript:

* velue at choked-flow conditions

Parameters:

L.Aé(fi*)sﬁé

Az

w W5
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Equilibrium operation of the components of a jet engine requires
that the turbine power output be equal to the power required to drive the
compressor plus bearing losses and power that may be extracted from the
turbine to drive engine accessories. At sea-level static conditions the
bearing losses and accessory power are generelly negligible compared with
the power required to drive the compressor and consequently will be neg-
lected in the following analysis. This power-equality reduirement msy
be stated in equation form as follows:

9|
[

ANALYSTS

it
T
®) -
T Y1 Y=-1 |\ P, —
(1-B+f)-T§nCnT= 113 = ;TJ=T (1)
1 5] T3 73'1
—
)"
P3 J

The station numbering system used is shown in fligure 1. In order
to determine the turbine-inlet temperature T3 required to drive the

compressor, a relation between the pressure ratio of the compressor
Pp/P; and the pressure ratio of the turbine PS/P4 mist be known. Such

a relation may be obtained by making use of simplified models for the
turblne asnd Jjet nozzle similar to those used in reference 2.
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Turbine and Jet Nozzle

The ratio of the turbine-inlet total pressure to the ambient static
pressure at the Jet-nozzle throat is related to the turbine total-
Pressure ratio as follows 1n terms of pressure ratios of interest:

5_8_475 (2)

In order to estimate the ratio P,/Ps, the loss in total pressure

between station 4 and the jet nozzle at station 5 is assumed to vary
with the velocity at station 5 in the following way:

2
PV
5's5
- =X
Py - Ps 28 (3)

In terms of the ratio of total to static pressure at station 5,
expression (3) becomes the following:

Ys'l

P P
£=1+ﬁix§_ﬁ <_5) -1 (4)

If expression (4) is combined with expression (2), the following is
obtained:

Ys'l
P, P ’s P
Tex P P
A=< A - o
Ps Py Y5l Fg |5 Ps
The jet nozzle becomes choked when
75
Ts-l
Eg _ <T5+1> (6)
P 2 .

5

Since a simple converging nozzle i1s considered, P5/p5 cannot exceed the
velue of choked flow as given by expression (6). In order to relate the
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turbline pressure ratio to the area of the jet nozzle, other relations in
addition to equation (5) are required. These required relations may be
obtalned from continuity considerations.

From continuity considerations the following is obtained:

W3n/Ts  Ws/Ts P5 Py [Tz A5 vz (7)
T
5

PzAz = Pgh; Py Pz Az Vg

In most cases the ratio ws/ﬁs is equal to 1, but the term is retained

50 that cases where cooling air is added or hot gases are bled from the
taill pipe may be considered. For one-dimensional compressible flow
through the jet nozzle, the following applies:

Ys+l

, 2 .
ng - x/i;i% \/ @2‘) ”. (;3 ° (8)

When the effective area AS is choked, P5/b5 is the value given by
equation (6), and expression (8) becomes

75+l
veTg 58 [ 2 >Y5—l (9)
PAs ~ | R (r—sﬁ
Similarly,
73+l
v\ _¥sVTs | R <73+l> T (10)
(?E)s Fas &5 \ 2

The temperature ratio T3/T4 is related to the turbine pressure ratio
PS/P4 and the turbine polytropic efficiency as follows:

. Tp,T
T 2
_% 00
Py

(11)

el
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For negligible heat loss between stations 4 and 5, Ty = T5. The pressure
ratio P4/P5 is given by expression (4). If expressions (4), (8), (10),
and (11) are substituted into expression (7), the following is obtained:

2 rs+l .
— ‘r‘ -
P=\T5 =\ Ts5 | — 1.9~ >
() - ()" |z Zrs T,
- P
-1
Te-1\ 7 '3 Yo pe| (B 5
5 3 2 S 5 5
- = 1+ % = -1

(12)

where

1.5 <w_*) ¥3
A5 w 2 Vg

Expression (12) relates the bturbine pressure ratio P3/P4 to the param-

eter A in terms of the ratio of total to static pressure in the jet
nozzle PS/IJ5 and the loss coefficient «®. The turbine pressure ratlo

reaches a meximum for any value of A when the jet nozzle chokes.

Compressor Pressure Ratio

The compressor pressure ratio is related to the pressure ratio
across the turbine and jet nozzle P3/p5 in the following way:

P -
3-_2 3 170_%5 (13)

The combustor pressure ratio PS/PZ in general depends on the

combustor-inlet velocity pressure and the ratio of combustor-outlet to
-inlet temperature T3/T2 (e.g., ref. 3). In the following analysis

the burner pressure ratio is considered a constant, as in reference 2.,

The ratio Pl/po is the ram pressure ratio, which depends on the
f£light Mach number and ram recovery of the engine inlet. For a simple
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convergent jet nozzle operating with éxit Mach numbers less than 1, that
is, for values of P5/b5 less than that given by expression (6),

Ps = Dg. Inasmuch as the turbine pressure ratio P3/P4 reaches a maxi-

mum when the jet nozzle is choked (see expression (12)), the parameter

P also reaches a maximum when the jet nozzle chokes (see expressions

(5) and (13)). Comsequently, for given values of combustor pressure ratio
P3/P2 and ram pressure ratio Pl/bo, the product (Pz/Pl)(pO/bS) is a

constant when the Jjet nozzle is choked.

The desired relation between compressor pressure ratio and turbine
pressure ratio needed for use with expression (1) is given by expressions
(5), (12), and (13). Figure 2 was constructed by use of expressions (5),
(12), and (13) for vz = vg = 4/3, Np,p = 0-85, and » = 0.14. With this
value of X, P4/P5 = 1.05 for sonic velocity in the Jjet nozzle. The
turbine pressure ratio Ps/fE’4 is plotted -against the parameter P for

various values of the parameter A. The lines of constant values of
P5/?5 are also included for reference.

Equilibrium Operation

The turbine pressure ratio may be determined for eny given value of
compressor pressure ratio, ram pressure ratio, and combustor pressure
ratio in terms of the parameter A Dby use of figure 2. With the turbine
pressure ratio known for each compressor pressure ratio, equation (1)
may be solved for the parameter T. The turbine-inlet temperature Tz

required for equilibrium operation is thus determined in terms of the
compressor and turbine efficiency, the percentage of the compressor-inlet
alr flow bled from the compressor discharge B, and the combustor fuel-
eir ratio f£. The variation of the parameter T with compressor pres-

sure ratio Pz/?l for various values of the parameter A 1s shown in

figure 3. The ram pressure ratio Pl/bo was taken equal to 1 (static
conditions), and the combustor pressure ratio P5/P2 was taken equal to

0.97. The jet-nozzle choking line and lines for turbine pressure ratios
P3/P4 of 2 and 2.5 are included for reference. As can be seen from the

figure, the parameter T varies nearly linearly with compressor pressure
ratio over a range of compressor pressure ratios for all values of the
paremeter A. TFor cases where (w¥/w); = 1 (choked turbine’ nozzle),

Wz = Vg, and B = f (leakage and cooling-air flow at compressor discharge
equal to fuel flow), figure 3 represents the variation of (Tz/Ty)(ngnp)

at equilibrium with compressor pressure ratio for various values of the
ratio of the effective areas of the jet nozzle and turbine nozzle A5/A3.
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Compressor Welght Flow

The corrected weight flow at the compressor inlet may be_determined
from continuity considerstions. In terms of the parameters A and T,
the continuity relation may be written as follows:

rs+l

Te~1
g"3<2> 5 PpPs anie

——)

73+l

[L-B+e¥s Al winE \ R P1 P2 AFI8.7 _ -
Mgy v3 A5 B AT

For each value of compressor pressure ratio Pz/Pl and the parameter

A, the value of T <for equilibrium is given by figure 3. The variation
of the parameter w with compressor pressure ratio for each of several
values of the parameter A 1s shown in figure 4. As was the case with
figure 3, the burner pressure ratio Ps/Pz was taken equal to 0.97 and

Ty Wwas taken equal to 4/3. Contours of constant values of the term T

are also shown along with the Jjet-nozzle choking line and two values of
turbine pressure ratiot Compressor pressure ratio is the ordinate of
figure 4, and the abscissa involves the equivalent weight flow through
the compressor wj A/576. Compressor performance maps are generally

plotted in o similar manner, with constant values of equivalent compres-
sor speed as a parameter. The equllibrium operating line on a compressor
map is the locus of equilibrium values of pressure ratio and equivalent
welght flow at each compressor speed.

(14)

The use of figure 4 to estimate the equilibrium operating line in-
volves the estimation of the variation in (w/"w*)3 with compressor pres-

sure ratio. In the range of compressor pressure ratio where the turbine
nozzle is choked, that is, (w/w¥)z = 1, the estimated equilibrium oper-

ating line 1s the line of a constant value of the parameter A that

passes through the point of design compressor pressure ratio and the de-
sign value of the parameter T. At compressor pressure ratios where the
turbine nozzle is not choked, the variation in (w/w*)s may be estimated

by the method outlined in the following section.

Turbine Choking

The ratlio of effective areas 'A5/A5 in the parameter A remains
essentlially constant as the compressor pressure ratio is varled, but the




10 NACA TN 3517

ratio of the turbine weight flow wz to the choking value wg way vary
somewhat as the compressor pressure ratio is varied. The ratio (w/ﬁ*)s

is generally essentially constant over a range of compressor pressure
ratios near the design value but falls to zero as the compressor pressure
ratio approaches 1. The actual varietion in the term (w/ﬁ*)s with com-

pressor pressure ratlio depends somewhat on the turbine design details
and. the number of turbine stages used.

In order to more definitely establish the compressor equilibrium
opergting line at pressure ratios somewhat less than design, the varia-
tion in (w/w¥); with turbine pressure ratio Pz/P, for the two ex-
tremes of a single-stage turbine and a multistage turbine will be con-
sidered. TFor single-stage turbines with axial discharge from the tur-
bine, the ratio (w/ﬁ*)s may be estimated as follows. From continuity,

the following is obtained:

L -1
To-1 T.-1
W rzHl) O -l (v\?| /v
) =l 1-=2_ (= = (15)
W 2 To+L \a¥* ar
3 3 3 3
Let
V3 sin a3
V. =—Uu (16)
T T
i
T
T - T ) P4: 3
i_i___4= np|L - (1_3_> (17)
3 3
Ys-l
N and, fI‘O'm T3 - I:E4 ='§RE UTVS Sj_n_ 0'31
T, - T y.-1 T \?
3 4 =2 3 ¥ ( T (18)
T, - 73+l T \a¥,
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Substitution of expressions (16) to (18) into (15) yields the following:

L

T 3
T
ITY 3 -

T3 1 Tz T3
2 - () b () |2
/3 2 2(r3-1) 2 ainfag F3/. Bin2a3 Pz

For singlie-stage turbines, the pressure coefficient Yp 18 generally no
greater than 2 and the turbine-nozzle discharge flow angle az 1s gen-
erally between 60° and 70°. The value of wT is approximately constant

~along the equilibrium operating line.

For multistage turbines, the ratio of the welght flow to critical
welght flow may be approximated by the following formula taken from ref-

erence 4:
2
P
N = 1 - (§§> (20)
W 3 3

The ratio of the weight flow to critical weight flow (w/w*)z; determined
by expression (19) for values of the parameter IlJ'TnT/E:inZon3 of 1.5 and
2 is plotted in figure 5 along with values determined by expression

(20). As can be seen from the figure, (w/w¥)z 1s substantially constant

for turbine pressure ratios greater than gbout 2.5 for the multistage
turbine and @bout 2 for the single-stage turbine. Operating lines for
two- or three-stage turbines would presumsbly fall between those for the
single-stage and that for the multistage turbine.

DISCUSSION

The charts included in the report (figs. 2 to 4) for use in esti-
mating the equilibrium operating line were constructed on the basis of
the following assumptions with regard to pressure losses in the combustor
and tall pipe:

(1) Combustor pressure ratio P3/P2 = 0.97

(2) Tail-pipe loss coefficient x = 0.14, resulting in tail-pipe
pressure ratio P4/P5 1.05 when jet nozzle is choked
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These essumed losses are consistent with modern jet-engine component
characteristics.

The ram pressure ratio used in constructing figures 3 and 4 corre-
sponds to static conditions with no engine-inlet losses. For_conditions
vhen the jet nozzle is choked, the values of the parameters T,'K, and
w in figures 3 and 4 would be the same for all values of ram pressure
ratio greater than 1. That is, for a given value of compressor pressure
ratio PZ/Pl and parameter A such that the Jet nozzle is choked, the

values of T and w given in figures 3 and 4 would be the same for all
values of ram pressure ratlo greater thamn 1. If, however, the Jet nozzle
is not choked, an increase in ram pressure ratio would increase P and
consequently increase the turbine pressure ratio PS/?é (see fig. 2).

The increased turbine pressure ratio would result in a value of the pa-
rameter T less than that given by figure 3 and comsequently a value of
the parameter w greater than that given by figure 4. Therefore, in-
creased ram pressure ratio tends to shift the equilibrium operating line
to higher values of compressor weight flow wih?E/S when the Jet nozzle

is not choked, but has no effect on the operating line when the Jjet noz-
zle is choked.

Design-Point Operation

The equilibrium operating line based on the assumptions used may be
estimated by use of figures 2 to 5 as follows. At design conditions the
compressor pressure ratio Pz/Pl, welight flow w«/E/aAl, and the ratio of

turbine-inlet to compressor-inlet temperature T3/T1 are specified. I
the compressor performance map is known, the compressor efficiency Ul

is determined. An attainsble value of turbine efficiency based on past
experience mey be estimated along with the value of bleed B, which ac-
counts for air bled for cooling or other purposes and seal leakage. The
value of ws/ﬁs is also given by the design and will generally be equal

to 1 unless some form of turbine cooling is Incorporated in the design.
[fn cases where air-cooling of the turbine is used, air may be bled from
the compressor, passed through hollow turbine blades, and discharged in-
to the tail pipe. In cases where the value of B consists of only seal-
leskage flow, it may be sufficiently accurate to consider the fuel flow
equel to the leskage flow (B = £). If, however, additional refinement

is desired, the fuel-air ratio f may be calculated from values of T,

and T3 for an assumed combustion efficiency by use of charts such as

those presented in ref. 5;] The design conditions then determine T and
Pz/Pl, and the value of A may be read from figure 3 or figure 4. The

3653
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corresponding value of w 1is read from figure 4. The only unknown in
w at design conditiong. is the Jjet-nozzle area term As/ﬂl, which may'be

computed if desgired. Design conditions thus determine the value of A
end the Jet-nozzle area-ratio parameter As/ﬁi.

Off-Design Operstion

For a fixed-geometry engine - that is, where AS/AS and AS/Al

are kept constant as the compressor pressure ratio is varied - the oper-
ating line is the line of constant A (A determined by the design con-
ditions) over the range of compressor pressure ratios for which (w/w*)3

is constant. As shown by figure 5, (w/w*)3 is nearly constant for tur-

bine pressure ratios greater than sbout 2.5 for a multistage turbine or
greater than about 2 for a single-stage turbine. The lines indicating
turbine pressure ratios of 2.0 and 2.5 were added to figures 3 and 4 to
ald in determining for any value of A the range of compressor pressure
ratios over which the turbine nozzle is essentially choked. In many
cases the turbine nozzle will be essentially choked over the entire range
of compressor pressure ratlos of interest. If, however, it is desired
to determine operating points in a range of compressor pressure ratios _
where the turbine nozzle is not choked, the variation in the value of A
from its value at the design point may be estimated by use of figures 2
and 5. Figure 2 1s used to determine the turbine pressure ratio for the
design velue of A, and figure 5 is used to estlimate the value of

(/¥ =

The effective area ratio AS/ASJ which remains essentially constant

for all engine operation, is celculated from the design values of A
and. (w/w*)s. For a selected compressor pressure ratio Pz/Pl, a trial

value of (W/w*)3 is selected and a trial value of A is calculated.

From the selected compressor pressure ratio and the trial value of 'K,
a turbine pressure ratio Ps/P4 is read from figure 2 that allows a

value of (w/w*)s to be read from figure 5. If this is not equal to the
trisl value of (w/ﬁ*)s, the process is repeated until the two values

agree. The final value of the parameter A 1is then used in figure 4 to
obtain the value of W. }

A trial velue of compressor weight flow wa/6/6 may be computed
from W and estimated values of Mo and Mg The velue of U ob- *

tained from the compressor map corresponding to the selected pressure
ratio and computed w«/@/S is then compared with the estimated value
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of ng. When the estimated efficiency and the value on the compressor

map at the estimated operation point agree, the operating point is lo-
cated on the compressor map. The wost conservative (lowest) values of °
the parsmeter W and w./6/8 will naturally be obtdined if the multi-
stage turbine is considered. If, however, the jet engine considered has
a compressor pressure ratio PZ/P less than sbout S5, a single-stage

turbine may be adequate.

A comparison of the estimated equilibrium operating line with the
compressor stall-limit line may be used to determine the necessity for
the use of varisble-geometry devices to ald in obtaining satisfactory

engine acceleration. The effect of compressor-discharge bleed and a
variable-area jet nozzle can be cobtained directly from the charts.

Effect of Compressor-Discharge Bleed

The effect of compressor-discharge bleed on the equilibrium operat-
ing line may be estimated by use of figure 4. The principal effect of
bleed will be to change the value of (TS/T )nCnT in the parameter T

and wlA/—/S in the parameter w. In general, at a given compressor

pressure ratio an increase in bleed results in an increase in the value
of TS/Tl and wa/0/5. The operating line is moved away from the stall

line, but the turbine-inlet temperature is increased.

Effect of Jet-Nozzle AdJustment

The effects of adjusting the jet-nozzle area may be estimated by _
considering the effect of the variation of A5/A3 in the parameter A

and of AS/Ai in the parameter Ww. Inasmuch as a change in A will
cause a change in the turbine pressure ratio PS/P4 for a given compres-
sor pressure ratio PZ/Pl’ the variation in (w/w*)3 with compressor

pressure ratio should probably be reestimated for each jet-nozzle area
A5 considered. In general, an Increase in Jjet-nozzle area will reduce

T3/Tl and increase WN/E/S.

EXAMPIE AND COMPARTISON WITH JET-ENGINE DATA

In order to illustrate the use of the method of estimating equi-
1librium operating performance, an example is included. The design
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pressure ratio of the compressor is 6.6, and the design value of
(Tz/T1)ngnp 1s 2.8. The eamount of air bled from the compressor dis-

charge 1ls estimated to be equal to the fuel flow, that is, B = £f. No

cooling air is discharged into the tail pipe, so Wz = Wge The corre-

sponding value of A from figure 4 is 2.585. The equilibrium operating
line for a choked turbine is the line on figure 4 for the value of

A = 2.585. The deviation from the operating line with a choked turbine
1s obtained by determining the veariatlon in turbine pressure ratio

P3/Pé with compressor pressure ratio Pp/P; from figure 2, for a value
of A= 2.585. The variation in (w/w¥)z 1s then estimated by use of
flgure 5. The estimated equilibrium operating lines for a choked tur-

bine, a single-stage turbine with a value of Vpnp/sinZaz = 1.5, and

for a multistage turbine are shown in figure 6. Data obtained from a
jet engine incorporating the compressor considered driven by a two-stage
turbine and using a simple conical jet nozzle are shown in figure 6 for
comparison. The jet-engine data were obtained at sea-level static con-
ditions (i.e., P1/py = 1). The ordinate and abscissa of figure 6 have

been divided by the corresponding design vaelues. The data points lie
between the predicted operating lines for the single-stage turbine  and
the multistage turbine. The agreement between the predicted and measured
opereting lines is considered satisfactory.

CONCLUDING REMARKS

A method has been presented for estimating the equilibrium operating
line for a compressor as a component part of a turbojet engine. The per-
formance characteristics of the combustor, turbine, and jet nozzle have
been treated in a simplified manner, so that the suitability of a given
compressor for jet-engine application may be determined. The need for
varisble-geometry devices to obtain satisfactory engine acceleration may
be determined from the position of the equilibrium opersting line rela-
tive to the compressor stell-limit (surge) line. The effects of
compressor-discharge bleed and a varigble-area jet nozzle can be esti-
mated directly from the cherts presented.

The results of the analysis are presented in chart form to facili-
tate rapid determination of equilibrium operating lines of a jet engine
operated at static sea-level conditions.

A comparison of predicted and measured equilibrium operating con-
ditions in terms of compressor pressure ratio and equivalent weight flow
indicates satisfactory agreement. \

Lewis Flight Propulsion Laborsatory
Nationel Advisory Comnittee for Aeronautics
Cleveland, Ohio, April 1z, 1955
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- Chart for eatlmating turbine pressure ratle.

Flpure 2.

{A large working copy of this chart mmy be obtained by ueing the request onrd boumd in the

back of the report.)
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Compressor pressurs ratio, Pp/P;

s 5. ~ Chart for eatimating turbine-inlet temperature.
A largoe working oopy of this chart mey be obtalned by using the request card bound in the back of the report,
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Fignre 4. - Chart Zor estimtlng oompressor equilibrime operating line. Ram pressure ratio, P)/pg, 1; combustor pressurs rwtio, Pg/Py, 0.97 (
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{A lerge working oopy of thim shart mey be obtained by using the request card bound in the

baok of the report.)
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Turbine pressure ratio, Pz/P,
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Flgure 5. - Effect of turbine pressure ratlo on welght flow.
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Figure 6. - Comparison of predicted equilibrium operating line with Jet-engine
. test deta. Deslign compressor pressure ratio, 6.6; |:(T5/'1‘ )ncn,ﬂ design’ 2.8;
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